Abstract-
INTRODUCTION
The ever-growing demand for energy has led to investigate various possibilities of using renewable sources of energy and other lesser explored energy resources. However, harnessing renewable energy resources like solar, wind, tidal, geo-thermal energy has their own disadvantages. For instance solar panels are costly and not suitable for all climates; flow of wind is periodic; barrages for tidal energy are expensive to build and disrupt shipping and so on.
Hence power generation through non-renewable energy sources like coal or petroleum oil is largely preferred. With fast depletion of fossil fuels other alternative has to be searched. Power generation through radioactive materials have always been lucrative.
However, due to several safety and operational constraints nuclear based power generation is not as widely used in India as coal based power generation.
II.
NUCLEAR ENERGY The pursuit of nuclear energy for electricity generation began soon after the discovery that radioactive elements like radium released immense amounts of energy according to the principle of mass-energy equivalence. Short half lives of the radioactive elements made harnessing nuclear energy impractical till the discovery of nuclear fission.
Electricity was generated for the first time by a nuclear reactor (using fission reaction) on December 20, 1951, at the Experimental Breeder Reactor -I, near Arco, Idaho which initially produced about 100 kW.
Post World War II, the prospects of using nuclear energy for constructive work rather than destructive were greatly advocated to avoid complete control of military organizations on all nuclear research. In 1953, US President Dwight Eisenhower gave his Atoms for Peace speech at the UN, emphasizing the need to develop peaceful uses of nuclear power. This was followed by the 1954 Amendments to the Atomic Energy Act which allowed rapid declassification of U.S. reactor technology and encouraged development by the private sector.
Nuclear energy can be harnessed from both fusion and fission reactions.
Fusion energy
Nuclear reactions between nuclei of low mass number like p, 2 
To have practical value, the energy consumed should be less than energy liberated in this process. Many experts believe fusion reactions to be a promising future energy source due to the short lived radioactivity of the produced waste, low carbon emissions and prospective power output. Thus, harnessing energy from fusion reactions is the holy grail of nuclear energy. Li and 7 Li as fuel. At current rate of power consumption known Li reserves would last 3000 years and that from sea water would last 60 million years whereas 2 H from sea water would last 150 billion years.
Fig. 1 Schematic view of fission process

Fission energy
Discovery of nuclear fission started with reporting of at least four activities on neutron irradiation of 238 U Fermi et. al. (1934) . However, discovery of nuclear fission is credited to Otto Hahn and Fritz Strassman (1938). It was found that if fission reactions released additional neutrons, a self-sustaining nuclear chain reaction could result. Fig. 1 shows a schematic view of fission process.
Once this was experimentally confirmed, it paved the way for power generation through nuclear energy. Nuclear fission reactors or nuclear power reactors are devices that use controlled neutron-induced fission to generate energy. The heat liberated from the fission of radioactive nuclei is used for producing steam, which rotates the turbine to generate electricity as shown in Fig.2 . 
239 Pu has a cross section for thermal neutron-induced fission that exceeds that of 235 U a property that made it important for nuclear weapons, considering that it could be prepared by chemical separation as compared to isotopic separation that was necessary for 235 U. Uranium mined from the earth's crust has only 0.7% fissile 235 U and rest is fertile 238 U. Hence, uranium cannot directly be used efficiently for power generation without enrichment (concentrating the fissile isotope 235 U). One of the biggest concerns about nuclear power generation by using low-enrichment uranium (LEU) in solid-uranium-oxide-fueled light-water reactors is formation of long-lived transuranics. In these reactors, LEU fuel is irradiated by thermal neutrons and a significant amount of plutonium is produced from 238 U that makes up 95-97% of the original fuel. Some of this plutonium is consumed as the solid-oxide fuel rod is further irradiated, but from the plutonium other isotopes of plutonium are formed by neutron capture as well as long-lived actinides like americium and curium are produced.
There are several steps in the uranium-plutonium fuel cycle as shown in Fig. 3 mining and milling, conversion, enrichment and fuel fabrication. These steps are known as the 'front end' of the cycle. Once uranium becomes 'spent fuel' (after being used to produce electricity), the 'back end' of the cycle follows. This may include: temporary storage, reprocessing, recycling and waste disposal.
Thorium fuel cycle
With limited uranium reserves thorium can supplement uranium as a fertile material. However, for most countries, uranium was relatively abundant so research in thorium fuel cycles waned. A notable exception was India's three stage nuclear power programme. In the twenty-first century thorium's potential for improving proliferation resistance and waste characteristics led to renewed interest in the mineral.
In the thorium cycle, fuel is formed when 232 Th captures a neutron (whether in a fast reactor or thermal reactor) to become 
The transmutations of 233 U lead to formation of useful nuclear fuels rather than transuranic wastes. When 233 U absorbs a thermal neutron, it either fissions or becomes 234 U. The chance of fissioning is about 92%; therefore the capture-to-fission ratio of 233 U, is about 1:10 which is better than the corresponding capture to fission ratios of 235 U (about 1:6) or 239 Pu (about 1:2) or 241 Pu (about 1:4). The result is shorter-lived transuranic waste than in a reactor using the uranium-plutonium fuel cycle. Pu, it has a much lower capture cross section (σγ) than the latter two fissile isotopes, providing fewer non-fissile neutron 233 U is greater than two over a wide range of energies, including the thermal neutron spectrum; as a result, thorium-based fuels can be the basis for a thermal breeder reactor.
Th based fuels also have favorable physical and chemical properties which improve reactor and repository performance. Thorium dioxide (ThO2) has a higher melting point, higher thermal conductivity and lower coefficient of thermal expansion than uranium dioxide (UO2), ThO2 also has greater chemical stability than UO2 and does not oxidize further.
The long term (~10 3 to 10 6 y) radiological hazard of conventional uranium-based used nuclear fuel is due to plutonium and other minor actinides. A single neutron capture in 238 U is sufficient to produce transuranic elements, whereas six captures are generally necessary to do so from 232
Th. 98-99% of Th nuclei would fission to form 233 U or 235 U, consequently fewer long-lived transuranics are produced. Because of this, thorium is a potentially attractive alternative to uranium in mixed oxide (MOX) fuels to minimize the generation of transuranics and maximize the destruction of plutonium. Disadvantages of 232 Th as nuclear fuel There are several challenges to the application of thorium as a nuclear fuel, particularly for solid fuel reactors.
Unlike uranium, natural thorium contains no fissile isotopes; fissile material (driver) like 233 U, 235 U or plutonium must be added to achieve criticality. Addition of driver and high sintering temperature required to make thorium-dioxide fuel complicates fuel fabrication.
In an open fuel cycle (i.e. utilizing 233 U in situ), higher burn up is necessary to achieve a favourable neutron economy.
Another challenge associated with a once-through thorium fuel cycle is the comparatively long interval over which 232 Pa is a significant neutron absorber and it eventually breeds into fissile 233 U, this requires two more neutron absorptions, which degrades neutron economy and may increase transuranic production.
If solid thorium is used in a closed fuel cycle in which 233 U is recycled, remote handling is necessary for fuel fabrication because of the high radiation levels resulting from the decay products of 232 U. The 233 U produced in thorium fuels is inevitably contaminated with 232 U, so thorium-based used nuclear fuel has inherent proliferation resistance.
232
U cannot be chemically separated from 233 U and has several hard gamma decay products. Hence, they are radiological hazard that require the use of remote handling of separated uranium and aid in the passive detection of such materials. This is also true for recycled thorium because of the presence of 228 Th, which is part of the 232 U decay sequence. Also, unlike proven uranium fuel recycling technology (e.g. PUREX), recycling technology for thorium (e.g. THOREX) is only under development.
Th fuelled reactors in India A team of scientists at premier Indian nuclear facility Bhabha Atomic Research Centre (BARC) in Mumbai has made a theoretical design of an innovative reactor that can run on thorium -available in abundance in the countryand will eventually do away with the need for uranium. The novel Fast Thorium Breeder Reactor (FTBR) being developed by V. Jagannathan and his team at the has received global attention after a paper was submitted to the International Conference on Emerging Nuclear Energy Systems held in Istanbul.
By using a judicious mix of driver 239 Pu and fertile zones inside the core, they reported theoretically that their design can breed two nuclear fuels -233 U from 232 Th and Pu from depleted U -within the same reactor. This concept has won praise from nuclear experts worldwide.
Th have fuelled various types of reactors like light water reactors, heavy water reactors, high temperature gas reactors, sodium-cooled fast reactors and molten salt reactors. India has several thorium fuelled reactors like 40 MW CIRUS and FBTR; 100 MW DHRUVA; 30 kW KAMINI and 220 MW KAPS 1 &2; KGS 1 & 2; RAPS 2, 3 & 4. CIRUS was discontinued in 2010 whereas remaining are still in operation.
